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Cultural Literacy and Health
John Kelleher

ometimes when a science notices a conceptual

inadequacy in its discourse, the problem is not the

rigor of its categories but the categories them-
selves. When epidemiologists as much as say that they
are embarrassed by the limitations of a long-employed
concept such as race,"? this may be a hint that some-
thing more is needed than a better formalization of
familiar categories.

Specifically, neither “race” nor “socioeconomic status”
nor “education” may adequately explain intellectual and
communicative access, or how it can affect health. “Cul-
tural literacy” may be a concept that can help to fill that
breach. Cultural literacy is a term that roughly means “a
good grasp of general mainstream knowledge.” (The
specific term “cultural literacy” is not necessarily familiar
to all researchers who nonetheless employ the concept.)
Epidemiologists are invited to consider the possibility
that cultural literacy—a concept derived not from the
social sciences but from the cognitive sciences—may be
a practical and productive tool for studying the links
between education (or race, or social class) and health.

Cultural literacy is a theory proposed to answer the
question: what causes “literacy”? The theory of cultural
literacy rests on the “knowledge-competence principle,”
a fundamental concept in cognitive research. In essence,
the principle emphasizes the importance to intellectual
competence of relevant prior knowledge. General dis-
cussions of the knowledge-competence principle can be
found in textbooks on cognitive psychology.’

Comprehension is not an abstract “skill.” If our brains
lack relevant prior knowledge, they magically no longer
demonstrate the “skill” of “comprehension.” According
to the theory of cultural literacy, both oral and written
communications entail mutual comprehension between
parties. Consequently, “literacy” must depend on mutual
relevant prior knowledge. Thus, to be “culturally liter-
ate” means to share much of the same broad, mid-level
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knowledge that other literate members of a society have
acquired, either in school or from their reading. The
theory of cultural literacy asserts that a solid grasp of
broad knowledge about the general mainstream culture
causes—and to a large extent is—increased communica-
tive access to the culture itself.

“. . .if cultural literacy is real, then
whatever anyone thinks of it, it will
sit there calmly, having effects,
patiently waiting for epidemiologists
to account for them. . .”

The theory was first formulated in the mid-1980s by
Hirsch and was widely disseminated via a book-length
treatment titled Cultural Literacy.* The word “cultural”
in this context arises because the theory proposes that
communicative access (literacy) requires knowledge that
is broadly shared. By the mid-1990s, a number of re-
searchers had provided evidence in support of Hirsch’s
general argument.>78(®12)

The words “causes” and “is” are strong words in epi-
demiologic circles. Epidemiologists should consider well
the implications of their use in the description of the
theory provided above. Now 15 years since first publi-
cation of a book-length treatment of the theory (an
eternity in any modern experimental science), not a
single competent investigator has cited or performed
cognitive research that even quibbles with the general
argument of the theory of cultural literacy.

In fact, a test of cultural literacy was shown to provide
by itself all the information the U.S. Congress requested
from the National Adult Literacy Survey.” Hofstetter et
al.'® have demonstrated that in a study population de-
mographically similar to the United States, cultural lit-
eracy not only exists, but also matters quite a lot.

The concept of cultural literacy is inherently statis-
tical, rather than normative or prescriptive, but it will
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acquire a relatively precise and stable meaning in any
given complex society. Our brains bluntly refuse to com-
municate without shared frames of reference. “Main-
stream knowledge” is not merely a social construct—
thus dispensable, or inherently sinister—but rather an
indispensable cognitive artifact of our brains at work in
complex, diverse modern societies. Our brains insist on
it. People are diverse, specialties are diverse; nonethe-
less, brains require shared frames of reference. Utopia
itself will have “mainstream knowledge.”

In Utopia, of course, any two people may know many
different things, because of their different specialties and
home backgrounds. But both will share the mid-level
mainstream frames of reference— cultural literacy—that
make effective communication statistically more likely.

Epidemiologists will find that the theory of cultural
literacy is highly controversial in the sense that it is
probably inconsistent (even dramatically inconsistent in
some cases) with widespread academic, philosophical,
and “folk” (homemade) theories of knowledge and com-
munication. It is also inconsistent with political, social,
and educational premises that implicitly depend on such
theories. On the other hand, if cultural literacy is real,
then whatever anyone thinks of it, it will sit there
calmly, having effects, patiently waiting for epidemiol-
ogists to account for them.

Cultural literacy is part of the basic communications
structure of a diverse, modern, knowledge-based society.
Thus, questions related to infrastructure are relevant to
a discussion of cultural literacy. As an analogy, owning a
telephone is probably a good thing for you as an indi-
vidual, but even if you own a telephone, it still matters
whether you're able to dial 1%, 50%, or 100% of your
fellow citizens. It matters whether telephones are abun-
dant in some places and scarce in others, or whether
variations in the quality of telephones make some com-
munications easy and others arduous or practically im-
possible. In the same way, having an extensive grasp of
mid-level mainstream knowledge may be a good thing
for you individually, but at the same time the overall
level and distribution of cultural literacy in your society
will still matter, independent of your own personal
knowledge. Epidemiologists may have to consider such
“infrastructure” effects on the public health and on
health care costs.

Of course, people’s individual levels of cultural liter-
acy may affect their own ability to understand the re-
quirements of good health, their access to health care,
and their ability to pay for care. For example, more
knowledgeable parents in industrializing Europe made
greater use of new medical advances. This in turn was
associated with lower morbidity and mortality rates in
their children.!!

Another example: low-literate Americans have poor
ability to understand and properly use healthcare re-
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sources, which may both decrease their use of helpful
resources and increase their unnecessary use of those
resources.'? Client-centered remedies include distribut-
ing greatly simplified health messages.

By implication, cultural literacy, which causes high
general literacy, is protective in this situation. This is so
even though, at an individual level, those with broad
general knowledge will not automatically know all in-
formation relevant to their use of and access to
healthcare.

Another implication of the theory of cultural literacy
is that a higher level of cultural literacy increases further
intellectual access—on average, it makes you a quicker
study. The broader your existing knowledge, the more
likely it is that you already know something that will
make it easier to learn something else.

In the United States, at least, broad general knowl-
edge appears to be strongly associated with educational
attainment (about twice as strongly as socioeconomic
status is associated with educational attainment).” It is
also associated with power—"access” in the most basic
sense. Moreover, cultural literacy can be measured by
simple checklists that can be used over the telephone.”!°
Using random-digit dialing in San Diego, California, a
study found that possession of a broad range of declara-
tive knowledge about the mainstream culture was asso-
ciated with achieving and manifesting power (as mea-
sured by occupation, income, and political activity).'°
This held even after controlling for age, education, and
ethnicity.

Epidemiologists should probably not think about cul-
tural literacy as if it were a category (like socioeconomic
status), but more as a continuous variable that can be
assessed for each individual. It is something specific
enough to measure, and it is well connected to empiri-
cally validated and conceptually rigorous theory (albeit a
theory developed outside of epidemiology).

Given the above, a clear epidemiologic question can
now be posed in a manner amenable to empirical inves-
tigation: is there an association between cultural literacy
and good health? If so, what might be the causal path-
way? Does cultural literacy produce higher income and
increased power, with the health benefits that follow? Or
does cultural literacy allow persons better access to
health care through better communication with health
professionals, better understanding of medical direc-
tions, more effective advocacy for their own needs, or
increased motivation to modify behaviors?

Epidemiologists should also note the possibility that
increased cultural literacy may not produce better
health. To assume that the consequences of cultural
literacy will be purely positive requires at least three
other assumptions, all highly debatable. One, it assumes
that people will never use their powers to obtain things
that worsen their health. Two, it assumes experts are
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always right, and therefore increased access to experts
leads to better health. Three, it assumes that all the
information comprising cultural literacy is actually con-
ducive to better health. Finally, there may be circum-
stances in which cultural literacy is actually punished, to
the detriment of those possessing it (see below).

A brief excursus into “years of education” may intro-
duce epidemiologists to a bit of the subtlety behind ideas
only broadly sketched here. “Years of education” is prob-
ably not an adequate marker for cultural literacy (maybe
especially in the United States). For example, when
Ferguson controlled for actual educational attainment
(as measured on the Armed Forces Qualification Test)
rather than years of education, the income gap between
blacks and whites in the United States decreased from
16 per cent to less than 5 per cent.!* Which is to say, the
current American way of schooling at the primary and
secondary levels may be differentially unhelpful to the
educational achievement of African-Americans.

A prominent initial source of most individuals’ cul-
tural literacy is school. Schooling is a specific measurable
entity with empirical and theoretical links not only to
communicative access but also to general work-related
competence.”® This can account for variance in income
among American blacks and whites at least as well as
socioeconomic status or race— categories whose concep-
tual clarity, proper modern scientific foundation, theo-
retic richness, explanatory value, and formal rigor epi-
demiologists have recently begun to question.

This is not to argue that other categories should be
eliminated. Studies of cultural literacy often also employ
the concepts of income and race. The question is simply
which categories are most predictive of the outcome
under study. In Ferguson’s study of income,'* the cate-
gory of “race” was not the most pertinent in explaining
the observed variance.'

Should studies of health measure cultural literacy?
Could cultural literacy more precisely account for some
health effects previously attributed to other factors? Be-
cause of differentially poor schooling, could it be that race
and socioeconomic status sometimes actually serve as crude
markers for lack of general mainstream knowledge? At the
moment, questions such as these are almost entirely open.

In some modern societies, there may well be ethnic
and class differences in cultural literacy that are relevant
to health. By itself, lower cultural literacy does not
indicate an absolute “knowledge deficit,” but only a
relative deficiency in mainstream knowledge. Moreover,
mainstream knowledge, although crucial for intellectual
and communicative access, is neither automatically
“better” nor even necessarily correct. What to do? Prob-
ably, there is no free lunch. At the individual level, real
people still are well or ill, and need (and sometimes
mistakenly misuse) health care resources, provided by
distinctly non-utopian societies.
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At the system level, Hirsch*® has argued that high
mean levels and narrow distributions of cultural literacy
do not just happen; heterogeneous societies desiring
these must painstakingly aim for both, in both theory
and practice. Certain national models of universal
schooling dramatically reduce ethnic (eg, Third World
immigrant) and class variance in general academic
knowledge while also producing high mean levels.!”!8
Adult education and literacy programs can succeed,'’
and mothers attending them are better at nurturing
literacy in their children.?® Plain old lifelong general
reading increases cultural literacy.’

For completeness, it is worthwhile to make a distinction
between the association of cultural literacy with commu-
nicative access, and the association of communicative ac-
cess with power and health. Although the theory of cul-
tural literacy proposes that firm possession of the shared
mid-level background knowledge of the mainstream cul-
ture per se causes communicative access to that culture,
population increases in cultural literacy per se do not create
jobs, democratic participation, and health. Hence, in a
given society, increased cultural literacy could merely cre-
ate large masses of disaffected people whose only increased
“power” would be the ability to offer more sophisticated
accounts of why they are without jobs, have no say, and
suffer ill health. To take an even more extreme example, in
the 1970s, the Communist Khmer Rouge “tried to turn
Cambodia into a self-sufficient, agrarian utopia. They
forced people to move from cities to the countryside and
murdered the educated and the skilled.””! In Cambodia
under the Khmer Rouge, to be culturally literate was to be
murdered.

Given the examples here, the firmly causal relation
between increased mainstream knowledge and increased
mainstream literacy does not of necessity produce in-
come, power, and health; such an association can exist
and even be causal, but only within the possibilities
created by larger societal beliefs and structures.

The theory of cultural literacy may give epidemiolo-
gists a more precise and scientifically rigorous way to
think theoretically about the issue of intellectual and
communicative access. Recent research may provide
some hints about how to undertake its practical empir-
ical investigation.”!? Interested epidemiologists will find
some overlap of knowledge and interest with colleagues
in other fields (for example, political scientist Hofstet-
ter'® is also adjunct professor in a school of public
health). Good luck to all the brave pioneers of this new
conversation.
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Whad'Ya Know?
Another View on Cultural Literacy
Jay S. Kaufman

“Whoever undertakes to set himself up as a judge of Truth
and Knowledge is shipwrecked by the laughter of the gods.”
— Albert Einstein (1879-1955)

he association between education and good
health has been observed widely, and a large
number of epidemiologic studies over the past
decades have included attained educational level as
an exposure or covariate.! The basis for this associa-
tion is no doubt multifaceted, including connections
(education provides access to elite social networks),
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credentialing (degrees confer entrée to positions of
power and authority), confounding (those with the
wherewithal to obtain greater quantity and quality of
education also have the wherewithal to obtain a
greater quantity and quality of other goods), and
content (education actually confers some useful infor-
mation that helps people gain advantages in life).?
The essay by John Kelleher? in the current issue of this
journal suggests an improved exposure assessment
method for the latter of these components of educa-
tion, the useful content of a quality education itself.
This suggestion relies heavily on the notion of “cul-
tural literacy” introduced in the 1980s by educator
E. D. Hirsch. Cultural literacy is the theory that there
are certain things that everyone in a modern society
ought to know, and that it is the possession of these
various pieces of knowledge that confers to individu-
als the means to understand, communicate, and suc-
ceed—both socially and materially.*-¢
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Hirsch and colleagues not only suggested that there
were words and ideas that were central to our common
American culture, but they also drafted lists of these
items and they devised tests, based on these lists, in order
to assess an individual’s attained level of cultural liter-
acy.” Hirsch’s 1987 book contained the first such list,
including 63 pages devoted to nearly 5000 names, dates,
aphorisms, and concepts that Hirsch and his collabora-
tors asserted everyone ought to know. The methodology
for generating this list has remained somewhat mysteri-
ous, however. Hirsch explained merely that “more than
one hundred consultants reported agreement on over 90
percent of the items listed,”*®!49) without ever explain-
ing how such agreement was ascertained (eg, did each
consultant generate his or her own list independently?),
nor indeed how the consultants themselves were
chosen.8®r%-8D Fyrthermore, Hirsch alluded to rejecting
some items from the list because they were in fact too
commonly familiar, and thus failed to discriminate ef-
fectively between the truly literate and the masses. P40
He also made the list occasionally proscriptive rather
than descriptive by including items, especially from the
natural sciences, that were generally unfamiliar to even
the more culturally literate, but which he felt should be
familiar,4®149)

“Hirsch’s list is the disease for which it claims to be
the cure,” argued Neil Postman. “[T]hat is to say, its
arbitrariness only demonstrates the futility of trying to
do what he wants to do.”®?D) Indeed, the original list
and its variants have been savaged by some for their
inexplicable capriciousness and by others for their overt
bias. For example, in the arena of entertainment, Hirsch
declared that all Americans ought be familiar with P. T.
Barnum, Greta Garbo, and the Barrymores, while omit-
ting Orson Welles, Mickey Mouse, and Miles Davis.
Likewise, seven leading businessmen and industrialists
were listed, but no counterpart labor leaders such as
Samuel Gompers or Jimmy Hoffa. Essential music in our
common culture includes, according to Hirsch, “Yankee
Doodle” and “White Christmas,” but not “Louie Louie”
or “Satisfaction.” This led Dan Fleming to conclude that
“Ibly his list, Hirsch clearly reveals a disdain of the
modern world.”®®1%) In addition to avoiding the con-
temporary, Fleming noted that Hirsch also avoided the
nonwhite, for example by omitting from the list Mexico
City (the largest city in the world), while including
Stuttgart and Hamburg, or by omitting Mexico and
Kenya but including Luxembourg.

Similar observations were made by others, including
Herbert Kohl, who concluded that Hirsch thought a
culturally literate individual was “apparently a univer-
sity-educated European-American, most likely male,
who speaks in platitudes and has a passing acquaintance
with words drawn from the sciences, the humanities and
the arts.”!1®D To illustrate his point, Kohl excerpted
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items beginning with the letter “P” with which Hirsch
asserted everyone ought to be familiar:

“perfectibility of man, periodic table of the elements, pax romana,
pay the piper, pearl of great price, peeping Tom, Peloponnesian
War, penis envy, penny saved is a penny earned, persona non
grata, Peter the Great, Phi Beta Kappa, philosopher king, photo-
electric effect, plate tectonics, Pickwickian, Planck’s constant, play
second fiddle, pogrom, proof of the pudding is in the eating, and
Pryrrhic victory.”

Though I have a doctoral degree, I confess to a little bit of
confusion about “Pickwickian.” However embarrassing it is
to admit this as a scientist, I am also not sure how well |
could explain the photoelectric effect, plate tectonics, or
Planck’s constant, nor have I ever heard “pear] of great
price” used in a conversation, ever. The question remains
whether one qualifies as culturally literate merely from
having encountered these words, or whether one must
actually understand what they mean, and if so, just how
deep an understanding is required.!” Despite my own rudi-
mentary grasp of many of these concepts, I can at least take
solace in the firm belief that few contemporary leaders of
government or industry, or others of substantial wealth and
influence in our society, could do much better with
Planck’s constant than I could.

“Essential music in our common
culture includes, according to
Hirsch, ‘Yankee Doodle’ and ‘White
Christmas,” but not ‘Louie Louie’
or ‘Satisfaction’.”

Kohl'! also noted that the list tended to downplay
words and phrases that relate to subgroup thinking and
non-Western cultures, and listed examples of words and
phrases that Hirsch opted to omit such as “peace activ-
ists, pesticides, political prisoner, potlatch, premenstrual
syndrome, prison, prophylactic, prostitution, pueblo and
prime time,” not to mention “prick, piss, putz, pussy,
patronize, palimony, prissy, putsch, pig, profligate, play
politics, play the field, and play into one’s hands.” Who
is to judge that these words are not equally at the center
of our culture as those chosen by Hirsch? I certainly do
better on Kohl’s lists than on Hirsch’s, despite generous
helpings of elite education. This example highlights a
certain arrogance in making such lists in the first place,
presuming that Hirsch or any other individual is quali-
fied to speak for what is essential for the rest of us to
know. A reasonably objective or rational methodology
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for constructing such a list has never, to my knowledge,
been suggested by any of the proponents of cultural
literacy. Perhaps an even more damning indictment of
the arrogance involved in drafting such lists is that
Hirsch and his colleagues made so many embarrassing
factual errors.”? For example, they asserted that HIV was
unknown in 1986, that President Roosevelt died after
Nazi Germany surrendered, that Marx Brothers’ films
featured a sibling named “Gummo”, and that Khrush-
chev sent troops into Poland in 1956 (it was Hungary).
Among other gaffes, they also provided incorrect defi-
nitions or explanations of “the national debt,” IQ scores,
and “The Dow-Jones Average.”

More importantly, in a diverse society there is simply
no monolithic national culture, and no single set of facts
or terms that everyone ought to know in order to suc-
ceed materially or socially.8er71-7214 A go0d example of
confusion over this point occurs in Kelleher’s essay when
he asserts that “. . .in the 1970s the Communist Khmer
Rouge ... forced people to move from cities to the
countryside and murdered the educated and the skilled.
In Cambodia under the Khmer Rouge, to be culturally
literate was to be murdered.”®** The crucial point here
is that, in fact, many kinds of knowledge exist in a
society, and only one kind was targeted by the Khmer
Rouge. The regime killed or exiled those who had a
Western education, who spoke French, or who were
cultivated in matters urbane, cosmopolitan, or bourgeois.
There are many kinds of knowledge that are necessary to be
a successful farmer in rural Cambodia: an intimate knowl-
edge of various plants and domesticated animals, for exam-
ple. People proficient in these sources of knowledge were
not targeted. The author mistakenly implies that Western
cultural literacy, which is what the Khmer regime attacked,
is equivalent to cultural literacy in general.

What happened in Cambodia in the 1970s was, in
fact, a war between subcultures of knowledge within a
complex society, with the Khmer Rouge regime using
the coercive power of the state to root out and destroy
one such subculture. The United States in the 1980s also
witnessed a war between subcultures of knowledge, al-
though ours was, thankfully, decidedly less murderous.
Hirsch’s work played a prominent role in these “culture
war” debates, as did the work of Allan Bloom,!>!¢ with
which Hirsch is often linked. Bloom was at least more
open about his cultural biases. One only needs to note,
for example, Bloom’s revulsion over the way Louis Arm-
strong’s “smiling face” singing Kurt Weill’s “Mack the
Knife” symbolized the ignorant Americanization of a
purer German culture.P®D17 In Hirsch’s work, the cul-
tural chauvinism is perhaps more subtle, but no less
readily apparent. It is revealing, for example, that in
1987 Hirsch should include on his list Rhodesia but not
Zimbabwe, Ceylon but not Sri Lanka, and Peking but
not Beijing.!0(108)

EPIDEMIOLOGY  September 2002, Vol. 13 No. 5

Even setting aside the thorny theoretical issues, the
practical constraints are daunting. Kelleher reassures the
reader that the construct can be measured. Although
published empirical work has indeed relied upon adap-
tations of Hirsch’s lists,'®! it is by no means clear that
these simple checklists capture a quantity that we could
assume to be cultural literacy in the sense described by
Kelleher. Because Hirsch vacillated between proscrip-
tive and descriptive strategies in the selection of items,
no gold standard appears to exist for the validation of
any derived scale.3®r”-") Therefore, although checklists
have been administered and scores computed, this exer-
cise provides no basis at all for Kelleher’s confident
assertion that cultural literacy is “something specific
enough to measure,” " only that self-reported famil-
iarity with items on Hirsch’s lists is something specific
enough to measure.

There is no disputing the observation that the epide-
miologic measure of years of completed formal education
is a hodgepodge variable that involves numerous com-
ponents, some causal and some spurious, and that this
variable is therefore deficient in a theoretical sense.
Thus, the idea of capturing knowledge as one specific
causal component of this quantity is an attractive one,
especially if the content of educational experience is a
salient factor in determining health status. The theoret-
ical and practical barriers to doing so appear to me to be
insurmountable, however, and the Kelleher commen-
tary,” although raising this interesting possibility, has
failed to provide any indication that we can actually do
better in this regard. Although Kelleher cites empirical
studies in which individuals responded to checklists of
items deemed to be indicative of cultural literacy, one
should remain highly suspicious of these lists until there
is a full accounting of the methodology for their con-
struction and some formal validation of their capacity to
capture the unified latent quantity that we might rea-
sonably call cultural literacy in any general sense.
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Validation Studies:
Bias, Efficiency, and Exposure Assessment
Nilanjan Chatterjee and Sholom Wacholder

easurement error is the bane of epidemiologic

studies of diet, behavior, and environmental

factors. Even molecular assays—whether for
simple genotypes or for complicated biochemistry—are
not immune. In this issue, Stirmer et al.! make some
useful observations on methods to reduce or eliminate
the bias from measurement error. Herein, we discuss the
general problem of measurement error and comment on
the current state of epidemiologic methods to mitigate
its effect.

Errors in variables (the term used by statisticians)
lead to distorted estimates of effect and to underpowered
or biased tests. The impact of errors is well understood,
at least regarding the direction of the estimate, in a few
important special situations. However, measurement er-
ror can introduce unpredictable distortions in many re-
alistic settings.>?

Case-control studies with exposure data or bio-
specimens collected retrospectively are particularly
vulnerable to poor measurement of exposure. Nondif-
ferential measurement error is often a consequence of
exposure information that is collected long after the
exposure occurs. Differential error can arise when
symptoms or treatment of disease affect a biomarker
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(other than germ-line DNA) or, along with knowl-
edge of the presence of disease, influence response to
questionnaires.

Internal validation studies can be used to reduce the
impact of measurement error. An error-prone exposure
measurement Z is collected from everyone in the main
study. A more accurate but more expensive measure-
ment X is also available, in principle, for everybody.
However, owing to cost or practical considerations, X is
collected only on a validation sample, consisting of small
subsets of cases and controls selected randomly. Clearly,
the risk parameter associated with X could be estimated
unbiasedly but quite imprecisely with a complete case
estimator (CCE) that discards all the imperfect but in-
formative Z measurements from subjects not in the val-
idation sample. The regression calibration (RCE) and
semiparametric efficient estimators (SPE) exploit the im-
perfect measurements Z from individuals who were not
included in the validation sample to obtain a more
efficient estimate of the risk parameter.

What is the basic principle behind these more sophis-
ticated “bias correction” methods that use both sets of
measurements?! The validation sample reveals the rela-
tion between Z and X. Based on this relation, a proba-
bilistic distribution of X can be inferred from Z for
subjects with unknown X. SPE and RCE use different
ways of predicting X from Z; they make different
tradeoffs between stronger assumptions about the struc-
ture of the error and greater reliance on the validation
data itself. RCE also requires an additional assumption
that the measurement error be small.



Understanding the basis of the nomenclature can
help one understand the distinction. The term regres-
sion calibration describes how Z is calibrated to X based
on the parametric regression model for X given Z; inci-
dentally, it also evokes the calibration of the regression
of interest by data from the validation study. In contrast,
SPE predicts the distribution of X given Z from the
validation study nonparametrically, that is, without im-
posing a parametric relation between X and Z. It is
deemed semiparametric because it involves one paramet-
ric and one nonparametric component: the parametric
component is the regression model for Y given X, and
the nonparametric component is the distribution of X
given Z. The method is called efficient because it is
defined as the most efficient among the class of all
semiparametric estimators that treat the distribution of
X given Z nonparametrically. In other words, SPE pre-
dicts the distribution of X given Z from the validation
study nonparametrically, whereas RCE requires a spe-
cific parametric assumption about the conditional distri-
bution of X given Z, such as the conditional mean of X
being linear in Z, or what Stiirmer et al. call linear
measurement error.!

An analogy can be drawn with the use of a parametric
t-test or a nonparametric Wilcoxon rank-sum test when
testing whether the distributions of a variable are the
same in two groups. The t-test relies on the assumptions
that the variables are normally distributed with equal
variance in both groups; it is more efficient when the
assumptions hold, but can be quite misleading when
they are strongly violated. In contrast, the nonparamet-
ric procedure makes no distributional assumption; its
superior performance when the t-test assumptions are
violated compensates for its lower efficiency when the
assumptions hold. In bias correction, the precision of
RCE under the correctly specified error model contrasts
with the robustness of SPE against departures from the
model. The nonparametric aspect of SPE allows it to
capture more nuances of the relation between X and Z
than RCE. Assume, for example, that multidimensional
X is observed with nondifferential measurement error in
each component and that Z is the corresponding error-
prone variable. Even if X and the errors Z-X are not
normally distributed and each of the components of X
and Z-X are correlated with each other,>? semiparamet-
ric estimators remain valid. When the normality as-
sumption is correct and the relation between Z and X is
linear, however, SPE is less efficient than RCE because
RCE capitalizes on the imposed structure. Stiirmer’s
simulation studies (Table 2) clearly show that for small
measurement error, the efficiency gain of RCE over SPE
can be substantial if the assumed linear measurement
error model holds, but the authors do not explore the
consequence of the violation of this assumption.!

Differential measurement error poses an additional
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In contrast, we usually take for granted the ability of
these methods to produce an unbiased estimate, at least
under idealized conditions. We view validation designs
as tools for minimizing the cost of a study with fixed
power or, equivalently, for maximizing the precision of
the estimate of the main study parameter with fixed cost.
We therefore consider it valuable to consider designs
with stratified random sampling (with strata defined
jointly by case-control status and error-prone exposure
measurements), which can often be substantially more
efficient than either simple random sampling or standard
case-control sampling."® For example, oversampling
cases so that the numbers of cases and control in the
validation stage are equal is clearly a more efficient
strategy for CCE, and, not surprisingly, for RCE and SPE
as well, than the simple random sampling Stiirmer et al.
considered. Sampling based on Z could further improve
the efficiency of the design. For example, if Z is at least
moderately correlated with X, oversampling extreme
values of Z yields greater numbers of extreme Xs and,
therefore, will be more informative for estimating a
slope. There need not be any bias attributable to strat-
ified sampling if appropriate statistical methods are used
in the analysis stage.

The validation design is a special case of “two-phase
stratified study designs,” which can provide cost savings
in many epidemiologic studies. The two phases are the
collection of a set of inexpensive covariates Z for all
subjects, followed by the collection of more expensive
covariates X at phase 2 on a smaller subsample of sub-
jects selected based on values of Z and case-control
status. More generally, two-phase designs can be used
profitably to collect information on an expensive expo-
sure of interest,” confounder,® or effect modifier'® on a
sample of subjects, with the sampling faction varying
according to the value of variables available for everyone
in the study. Even “old-fashioned” matching and con-
temporary countermatching!! can be seen as two-phase
strategies,” because collection of exposure X depends on
the matching variables Z. In the class of two-phase
designs, the validation study is special in only one rather
trivial way: Z is not included in the risk model, because
it is assumed that there is no information about risk of
disease attributable to Z that is not contained in X.

So where are we now? The paper by Stiirmer et al.
shows the promise of sophisticated statistical methods
for error correction.! In general, semiparametric estima-
tors are more flexible and robust than RCE in the
presence of poorly understood error mechanisms. When
computation of a semiparametric efficient estimator is
overly complex, slightly less efficient but simpler semi-
parametric estimators based on pseudolikelihood meth-
ods'? can be attractive. Software is now available in
S-PLUS (MathSoft, Inc., Seattle)!® for various semipa-
rametric methods of the general two-phase data problem
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(including validation studies for nondifferential mea-
surement error problems) using the logistic regression
model. Further research is needed to establish the ro-
bustness of the procedures in realistic settings, specifi-
cally for the differential measurement error and the
alloyed gold-standard problems, and for determining op-
timal designs for selecting a validation sample.

We believe that these statistical methods for “bias
correction” are ready to be used in case-control studies in
some limited situations. In particular, RCE can be an
efficient tool when measurement error is small and the
error structure is reasonably well understood. If the mea-
surement error is large or the error structure is not
known—as often is the case in practice—a semiparamet-
ric estimator can be used as a robust alternative, at least
when there is no important differential measurement
error. For additional economy, an efficient design using
stratified sampling should be considered as a way to
select the most informative subjects in the validation
sample. Evaluation of the performance and utility of
these procedures will require several applications in
studies with hard-nosed critiques of the validity of the
underlying assumptions.

Validation studies, whether or not designed for bias
correction, can be crucial to increasing the value of epide-
miologic studies. An instructional example is the rapid
progress in understanding the epidemiology of cervical neo-
plasia that followed the identification of polymerase chain
reaction as a sensitive and specific assay for infection with
oncogenic human papillomavirus'* through intra- and in-
terlaboratory studies of replicability.”® The best way to
reduce bias from measurement error is to improve tools for
measuring exposures including biological markers, environ-
mental samples, and questionnaires.
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